A survey of fish diseases in the common dab Limanda limanda L. was conducted in 4 areas (the German Bight, 2 areas along the west coast of Denmark and the Skagerrak) in May during the years 1983 to 1993. A total of 53302 dab were examined for the presence of the diseases lyrnphocystis, epldermal papilloma and skin ulcers. The present study describes long-term variations in the prevalence of these 3 chseases. The German Bight and the 2 areas along the west coast of Denmark showed significant similarities in the temporal trend of the diseases investigated with peaks in 1985 and 1988 for both lymphocystis and epidermal papilloma. A similar trend was not observed in the Skagerrak. Skin ulcerations did not reveal any specific temporal trends in any of the 4 areas. The highest prevalence of lymphocystis was observed in the most offshore area along the Danish west coast with a peak value of 14.9% in 1988; epidermal papilloma in the German Bight showed a peak value of 9 4 % in 1988 and skln ulcers in the Skagerrak a peak of 4.4 % In 1989. Areas in the German Bight and along the west coast of Denmark had suffered from oxygen deficiency in late summer during the years 1981 to 1983. These events may have been an important factor triggering the outbreak of lymphocystis and epidermal papilloma, as the prevalence of these diseases increased from 1983 until 1985 followed by a decline until 1988. Although it was not possible to establish significant correlations between the oxygen levels at the bottom and the disease prevalence in the present case, the disease pattern showed evident similarities with formerly described oxygen deficiency-induced outbreaks of lymphocystis and epidermal papllloma in dab in the Kattegat. In 1988, the prevalence of lymphocystis and epidermal papllloma increased significantly without any apparent reason. The disease pattern observed in the Skagerrak differed significantly from the other 3 areas with skin ulcerations being the most prevalent disease. A part of the explanation for this may be that the Skagerrak has not suffered from the same impaired environmental conditions as the other areas.
INTRODUCTION
The occurrence of diseases in wild fish stocks was already well described at the beginning of this century (Johnstone 1905 (Johnstone , 1925 , although the prevalence and geographic distribution of the diseases had not yet been determined. However, since the early 1970s, when the close relationship between environmental stress and the outbreak of fish diseases was generally accepted (Wedemeyer 1970 , Snieszko 1974 ), a series of investigations has been conducted into the impact of pollution on disease in natural fish stocks. The first considerations and results of this work on the monitoring of biological effects of marine pollution were summarized by McIntyre & Pearce (1980) . During the late 1970s and early 1980s, studies on diseases in wild fish stocks were carried out in many countries, especially those bordering the North Sea and in the USA (Christensen 1980 , Dethlefsen 1980 , Moller 1981 , Despres-Patanjo et al. 1982 , Deth-lefsen & Watermann 1982 , Mellergaard & Nielsen 1984 , 1985 , 1995 , Vethaak 1991 , 1992 , 1993 , Lindesjoo & Thulin 1994 . However. most of this work consisted of short-term investigations in relatively restricted areas (McArdle et al. 1982 , Bucke et al. 1983 , Moller 1984 , Bucke & Nicholson 1987 , Vethaak et al. 1992 .
In order to obtain sufficient data for a more overall assessment of the impact of temporal and spatial variations of environmental parameters on the disease status of fish stocks, long-term disease investigations are needed. Some long-term investigations including ones examining the prevalence and the temporal and spatial trends of fish diseases over wider sea areas have been reported by Dethlefsen et al. (1987) and Dethlefsen (1990) , who examined diseases in common dab Limanda limanda in most of the North Sea, by Banning (1987) , who conducted disease studies in common dab, plaice Pleuronectes platessa and cod Gadus morhua in the south-eastern North Sea, and by Mellergaard & Nielsen (1990 , 1995 , who carried out disease studies in common dab in Danish coastal zones.
The present work deals with a long-term study of the epidemiology of selected externally visible skin lesions of dab in an area stretching from the German Bight to the Skagerrak. Possible association has been sought between observed temporal and spatial variations in disease rates and environmental parameters that might be of importance as stress factors.
MATERIAL AND METHODS
Fish sampling. Common dab Limanda limanda L. were sampled annually in May from 1983 to 1992/93 on board the RV 'Dana' using a Nymplex standard fishing trawl, Star model. The trawl was rigged either with 12" (30 cm) rubber discs or with 10" (25 cm) bobbins on the foot-rope, depending on the bottom conditions, and fitted with a foot rope chain. The stretched mesh size in the cod end was 40 mm. Fishing took place at a number of sites in the German Bight and along the west coast of Denmark where trawl tracks were available from commercial fishermen. Standard 1 h hauls were taken at a speed of 3 knots. One or two hauls were taken at each station. The present work deals with data obtained from a set of stations (see Fig. 1 ) which are classified into 4 areas based on geographical condtions and on length, weight (condition factor) and age parameters of the fish.
Handling of the sample. The total catch was sorted by species and the dab were subjected to further investigation. A sample of 150 to 250 specimens (a sample size required for the detection of a prevalence of at least 2 with 95% confidence; Martin et al. 1987) per haul was examined. This number of fish corresponded to 15 to 20 kg. Subsamples were taken at random if the total weight of dab exceeded 20 kg. For all fish examined, the length, weight, sex and health status were registered. After recording the disease, the otoliths from the first 96 fish were removed and stored in small paper bags for ageing later in the laboratory according to standard stock assessment procedures.
Selection of gross lesions. The dab were examined for the presence of the diseases lymphocystis, epidermal hyperplasia/papilloma and skin ulcers using recommended procedures for detection (Anonymous 1989 ). These diseases have been well described in the literature (Moller & Anders 1983 , Bucke et al. 1996 in terms of their gross appearance and aetiology.
Lymphocystis: The criterion for recording was the presence of more than 1 surface nodule.
Epidermal hyperplasia/papilloma: The criterion for recording was 1 or more lesions larger than 2 mm in diameter. In the present work, epidermal hyperplasia and papilloma are both designated 'epidermal papilloma'.
Skin ulcerations: The criterion for recording was 1 or more open lesions.
Macroscopic inspection. Prior to external inspection the fish were rinsed with sea water. Both sides of the fish were carefully examined visually and by palpation, and the fins were spread and lifted. The examination took place under a strong light source.
In order to obtain the highest degree of precision in the diagnostics of the diseases, only 1 person conducted the registration during the whole period of the investigation. The otoliths were read (enumeration of summer rings) by 2 skilled persons.
Analysis of data. Most of the data analyses were carried out using the public domain software 'Epi-Info' version 6.01 (Dean et al. 1994) and Statistixa, version 4.1 (Analytical Software). The strength of association between a factor and a disease is known as the relative risk (RR). The RR is calculated as the ratio between the disease rate in an 'exposed' group and the disease rate in an 'unexposed' group. All RR estimations are presented with 95 % confidence intervals.
The RR in an 'exposed' group is significantly different from the RR in an 'unexposed' group if the confidence interval does not encompass the value 1 (p < 0.05). All calculations of RR were done relative to the 1992 figures for Areas 1 and 3 and to the 1993 figures for Areas 2 and 4, as these figures to a certain extent seem to represent the baseline situation.
The statistical tests applied for the data treatment were the nonparametric tests chi-square, Mann-Whitney rank test and Kruskal-Wallis l-way ANOVA for non-normally distributed data; and the parametric tests 2-sample t-test and l-way ANOVA for normally distributed data. The condition factor 1100 X weight (g) X length-3 (cm)] was calculated based on the total weight of individual , , fish (in contrast to gutted weight as recommended in Anonymous 1989) .
Oxygen data. Data on the temperature, salinity and oxygen concentrations in the areas represent measurements at the bottom and were obtained from the Envi- 
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All data presented were sampled at 15 stations distributed along the Danish west coast (Fig. 1) . These stations were separated into 4 areas, based on geographical conditions as well as stock characteristics 550 such as length, age and condition factor: a southern zone, designated Area 1, representing the German Bight; 2 central zones, one offshore, Area 2, and one coastal, Area 3; and a northern zone, Area 4, representing the Skagerrak. The mean length, mean age
54"
and mean condition factor for dab in the 4 areas are shown in Table Dis Aquat Org 30: [151] [152] [153] [154] [155] [156] [157] [158] [159] [160] [161] [162] [163] 1997 Disease examination
Lymphocystis
In Area 1, the prevalence of lymphocystis varied from 12.8 % as peak values to 4.5 % as the lowest level. The temporal pattern showed an increase in the prevalence from 1983 to 1985 followed by a decrease in the following 2 yr then a sudden decrease in 1988 followed by a further decline in the succeeding years (Fig. 2) . The RR of contracting lymphocystis was significantly higher in the whole period of investigation compared to 1992, except for 1990. Peaks were observed in 1985 and 1988, respectively (Fig. 3 ). The RR in 1990 was at the same level as in 1992.
In Area 2, the prevalence of lymphocystis ranged from 4.6 to 14.9% (Fig. 2) . A similar pattern of annual variation in the prevalence of lymphocystis was observed as in Area 1 with increasing prevalence occurring from 1983 to 1985 followed by a decrease during 1986 and 1987, a 3-fold increase from 4.6 to 14.9% from 1987 to 1988 with a gradual decline the following years. The RR was significantly higher in 1984 and 1985 and from 1988 to 1990 while significantly lower in 1987, relative to 1993 (Fig. 3) . The RR in 1983 , 1986 and in 1991 and 1992 was at the same level as in 1993.
Area 3 revealed an increase in the prevalence of lymphocystis from 3.0% in 1983 to 7.2% in 1984 followed by a decrease to 3.2% in 1987 (Fig. 2) . In 1988, an increase to 13.6% was observed followed by a decline as observed in the 2 previous areas. The RR of contracting lymphocystis was significantly greater from 1984 to 1985 and during the period from 1988 to 1991 relative to 1992 (Fig. 3) . In , 1986 , the RR did not show any significant dfferences compared to 1992.
In contrast to Areas 1, 2 and 3, the prevalence of lymphocystis in Area 4 varied from 0% in 1989 to 3 % in 1990 without any specific trends (Fig. 2 ). Most years it was at a level of approximately 1 %. The RR of contracting lymphocystis in Area 4 was at the same level during the 11 yr of investigation except for 1990 and 1992, when it increased significantly relative to 1993 ( Fig. 3 ). Because the number of affected fish was limited, the confidence levels of the RR were very broad.
Lymphocystis appeared evenly distributed among the sexes except in Area 3, where females had a significantly lower risk of contracting the disease (0.71 times) than males (Table 3) . 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 Lymphocystis did not affect the mean condition factor of the dab in the different areas except in Area 1, where the condition factor of lymphocystis-affected fish was significantly higher compared to the unaffected fish (Table 4 ). In general, the condition factor of lymphocystis-affected fish was higher than for the unaffected.
The mean age was found to be significantly higher for lymphocystis-affected than for unaffected fish in all 4 areas investigated ( Table 4 ) .
In Area 2 the prevalence of epidermal papilloma was at its lowest level, 0.9 %, in 1983 peaking at 6 % in 1988 ( Fig. 2 ). An increase was observed from 1983 to 1985 followed by a decrease to 1.7% in 1987. After having peaked with a prevalence of 6 % in 1988, a gradual decrease to approximately 2 % was observed the following years. Except for 1983, when the RR was significantly reduced relative to 1992 and for 1988, when the RR was significantly increased, the RR was at the same level as in 1992 ( Fig. 4 ) . Table 3 . Limanda limanda. Sexual difference in the risk of contracting the 3 diseases in the 4 areas (female relative to In Area 1, the prevalence of epidermal papilloma male). p-values given for significant differences ranged from 1.4 to 9.4% (Fig. 2 ). It increased from 1.4 % in 1983 to 8.3 % in 1986 with a minor decrease in 1987. Prevalence increased to 9.4% in 1988 followed by a rapid decline from 1989 to 1990 to 2.5%. In 1991 and 1992 prevalence increased to approximately 5 %. Compared to 1992, the RR was significantly higher in 1986 and in 1988 and significantly lower in 1983 , 1989 ). The other years were at the same level as 1992. The temporal variation pattern of the prevalence of epidermal papilloma in Area 3 was very similar to that of Area 2 (Fig. 2) . Prevalence was 0.9% in 1983 and showed an increase until 1985. A decrease to 1.6% was observed in 1987 followed by a increase to 7.9 % in 1988. Beginning in 1989 the prevalence showed a decline to about 2%. The RR was at the same overall level as in 1993 during the whole period of investigation except in 1988 and 1989, which showed a significantly increased risk (Fig. 4 ).
Epidermal papilloma
In Area 4, the prevalence of epidermal papilloma was within the range of 0 to 1.3 % and did not show any significant pattern (Fig. 2) . Except for 1989, when the RR was significantly higher relative to 1993, the RR of contracting epidermal papilloma was at the same level the other years but revealed broard confidence levels due to the restricted number of infected specimens (Fig. 4) .
In Areas 1 and 2 females had a significantly higher risk of contracting epidermal papilloma than males. In Areas 3 and 4 females also had a higher but not sig-nificantly different risk of contracting the disease compared to males (Table 3) .
In general, epidermal papilloma-affected fish had a higher condition factor than unaffected fish but the difference was not statistically significant (Table 4 ) .
As for lymphocystis the mean age of epidermal papilloma-affected fish was significantly higher compared to the unaffected population in all areas (Table 4 ).
Skin ulcerations
The prevalence of skin ulcers in Area 1 varied from 0.5% as the lowest to 1.9% as the peak value with a mean level of approximately 1 % (Fig. 2) . It did not show any specific trends. The RR was significantly higher in 1983 and 1990 relative to 1992 while the RR in the other years was at the same level as in 1992 (Fig. 5) .
In Area 2, the prevalence of skin ulcers was around the same level as in Area 1, 0.5 to 1.6%, with a mean Where bars do not cross 1 (horizontal line), values are significantly different from the 1992/93 values level just below 1 % (Fig. 2) . The RR did not differ significantly compared to 1993 (Fig. 5 ).
for the 4 areas investigated during the period 1983 to 1993.
Area 3 reflected the level of prevalence observed in -: no data Areas 1 and 2, being within the range of 0.4 to 2.2% with minor annual variations without any pattern. The
Year Area 1 Area 2 Area 3 Area 4
RR was significantly higher in 1983, 1984, 1989 in the period 1991 to 1992 and then by an increase in 1993. During the periods from 1985 to 1988 and from 1991 to 1992 the RR was significantly lower as com-rank correlation test did not show any statistically sigpared to 1993. A significant increase was observed in nificant correlation between the stock density and the 1989 and 1990 while in 1983 and 1984 RR was at the prevalence of the different diseases except for skin same level as observed in 1993 ( Fig. 5) .
ulcers in Area 2, where a significant negative correla-Female dab had a significantly higher risk of con-tion was found (r = -0.6207, p < 0.05). tracting skin ulcers in Areas 2 and 4 (1.9 and 2.2 times, respectively) while the risk was slightly lower in Areas 1 and 3 (Table 3) .
Diseases and condition factor Skin ulcerations had a negative effect on the condition of the fish. The difference in the condition factor A statistically significant correlation (Spearman rank between ulcerated dab and unaffected fish was statis-correlation test) between the prevalence of the differtically significant in Areas 3 and 4 (Table 4) . ent diseases and the mean condition factor (Table 6 ) The mean age of ulcerated dab was significantly was found for lymphocystis in Area 3 (r = -0.8788, higher than in unaffected fish in all areas (Table 4) . p < 0.001) and in Area 4 (r = -0.6119, p < 0.05) and for epidermal papilloma in Area 3 (r = -0.6525, p < 0.05).
Correlations Diseases and oxygen deficiency Diseases
The prevalence of lymphocystis and epidermal papilloma showed a positive but not statistically significant correlation (0.49 < r < 0.56, 0.12 < p < 0.09) (Spearman rank correlation test) for Areas 1, 2 and 3 for the whole period of investigation.The other combinations of diseases in the different areas did not show any clear correlation pattern.
Diseases and stock density
The mean stock density calculated on the basis of the area fished during 1 h of trawl tow was 19, 7, 6 and 2 dab per 1000 m2 in Areas 1, 2, 3 and 4, respectively. The stock density expressed as the catch per unit effort (number of dab per h of trawl time) showed marked annual variation (Table 5) with Area 1 showing the highest trend and Area 4 the lowest. The Spearman Test for correlations between the diseases and oxygen deficiency was conducted by comparing the prevalence of different diseases in one year with the mean and minimum oxygen levels measured in August ( Table 7) the previous year, as it was hypothesised that low oxygen levels in the autumn might affect the disease level the following year. The Spearman rank correlation test did not reveal any clear correlation pattern between the prevalence of the diseases and the mean and minimum oxygen levels measured in August and September the previous year.
Diseases and water temperature
The tests for correlations between diseases and bottom water temperature were conducted by comparing the prevalence of the different diseases in one year with the mean temperature of the 12 mo prior to the investigation (i.e. from May to April) (Table 8) . A statistical significant negative correlation (Spearman rank correlation test) was found between temperature and epidermal papilloma in Area 1 (r = -0.7333, p < 0.05) and in Area 2 (r = -0.7091, p < 0.05). Skin ulcerations were found significantly positively correlated to
Diseases and salinity
The correlations between salinity and diseases were carried out by comparing the prevalence of the different diseases with the mean salinity of the year prior to the disease investigation (i.e. from May to April) ( Table 8 ). The prevalence of lymphocystis and salinity was significantly negatively correlated at Area 1 (r = -0.6970, p < 0.05). Epidermal papilloma and skin ulcers did not show any distinct correlation pattern nor did lymphocystis in the other areas.
DISCUSSION
The present study describes long-term variations in the prevalence of the diseases lymphocystis, epidermal papilloma and skin ulcers in dab in 4 different areas in the eastern North Sea and the Skagerrak. Areas 1, 2 and 3 showed significant similarities in the temporal disease pattern with peaks in 1985 and 1988 for lymphocystis and epidermal papilloma, although based on different disease levels. Dethlefsen (1990) reported similar temporal trends from the German Bight for lymphocystis and epidermal papilloma. A similar pattern was not observed in Area 4, the Skagerrak. Skin ulcerations did not reveal any kind of temporal trends in any of the 4 areas and this observation coincides with the trends reported from the German Bight (Dethlefsen 1990 ). The highest prevalences for lymphocystis and epidermal papilloma were observed in Area 1 (German Bight) and in Area 2 (off the west coast of Denmark) and for skin ulcers in Area 4 (Skagerrak). Similar temporal parallelisms between the diseases lymphocystis and epidermal papilloma have been described before from the German Eight and the Dogger Bank (Dethlefsen 1990 ) and from the Kattegat (Mellergaard & Nielsen 1995) , where statistically significant correlation was found between the 2 diseases. In the present study, these diseases were also found positively correlated in the Areas 1, 2 and 3 but this correlation was not statistically significant.
The westernmost part of Area 2 suffered seriously from oxygen deficiency in September 1981 (Dyer et al. 1983 ) and in August and September 1982 and 1983 most of Areas 1, 2 and 3 were hit by oxygen depletion (Dethlefsen & Westernhagen 1983) . It is likely that oxygen deficiency may be one of the provoking factors for fish diseases in these areas. The hypothesis that oxygen depletion might be involved as a stress factor in the outbreak of lymphocystis and epidermal papilloma in the eastern North Sea was put forward by Mellergaard & Nielsen (1987) , whose observations confirmed that in the Kattegat oxygen deficiency was a n important factor in provoking the outbreak of these diseases (Mellergaard & Nielsen 1995) . Dethlefsen (1990) found that low oxygen levels may be one of the stress factors contributing to the outbreak of lyrnphocystis and epidermal papilloma in the German Bight. It has not been possible to establish significant correlations between lymphocystis and epidermal papilloma and oxygen deficiency in the present material as were demonstrated for the Kattegat (Mellergaard & Nielsen 1995) , probably due to the lack of baseline prevalence data for the areas (i.e. before the oxygen deficiency occurred). However, a comparison of the development of the prevalence pattern of lymphocystis and epidermal papilloma in the period 1983 to 1987 for the Areas 1 to 3 with the observations from the Kattegat (Mellergaard & Nielsen 1995) reveals evident similarities that may suggest that oxygen deficiency may be involved in the disease outbreak. Area 3 was situated in the perifery of the area affected by oxygen depletion in 1982 and 1983. This may explain why Area 3 showed a lower prevalence level of lymphocystis and epidermal papilloma in the period 1983 to 1987 than observed in Areas 1 and 2.
Temperature is another stressor that might be involved in disease outbreaks. The stress effect of temperature is commonly associated with sudden changes (Strange et al. 1977 , Larsen & Mellergaard 1981 ) rather than long-term fluctuations. Temperature data from the North Sea area are not registered on a regular basis, so sudden changes wdl not be registered. Therefore, the observed significant negative correlation between epidermal papilloma and the mean temperature 1 yr prior to the investigation in Areas 1 and 2 is likely to be a coincidence, as a similar response should be expected for the other viral disease, lymphocystis, which appeared to be positively correlated with epidermal papilloma. However, temperature should not be excluded as a contributing stress factor even though its effect cannot be quantified in the present study design. On the contrary, the significant positive correlation between temperature and skin ulcerations is biologically plausible, as high temperature over longer periods improve the conditions for the bacteria affecting the ulcerations.
Salinity changes may also act as a stressor provoking the outbreak of fish diseases. Such events have been described from fish living in the tidal zone in river estuaries (Moller 1981 (Moller , 1984 (Moller , 1990 where salinity fluctuations in the range of 4 to 8%0 were observed twice a day. Salinity fluctuations in that range are not observed in open sea areas. As in the case of temperature data, salinity data from the North Sea are not registered on a regular basis. Therefore, it is not likely that correlations between mean salinity on an annual basis and diseases will give a true picture of the involvement of salinity as a contributing factor to environmental stress, and the observed positive correlation between salinity and lymphocystis may be accidental.
The significant increase in the relative risk of contracting both lymphocystis and epidermal papilloma observed in 1988 cannot be explained either by oxygen deficiency or by significant changes in the water temperature or salinity. Furthermore, it is unlikely that changes in the virulence of the infectious agents of both diseases would take place at the same time. However, one or more unknown factors must have increased the susceptibility of dab to these 2 viral diseases in the eastern part of the North Sea. The phenomenon seemed to be localized to this area, as Dethlefsen (1990) demonstrated an increase in the prevalence of lymphocystis and epidermal papilloma in the German Bight in 1988 but not in the Dogger Bank area, while our data from the Skagerrak (Area 4 ) similarly did not reveal significant changes in the disease rates that particular year.
For Area 1 (German Eight) the dumping of waste from titanium dioxide production may be considered a n additional factor which might elevate the prevalence of lymphocystis and epidermal papilloma and skin ulcers (Dethlefsen et al. 1987) . Larsson et al. (1980) showed that industrial effluent from titanium dioxide production caused significant disturbances in the electrolyte balance and in carbohydrate metabolism and changes in the blood parameters of flounder Platichthys flesus. Such changes may be stressful and lead to increased susceptibility to diseases. Dethlefsen et al. (1987) demonstrated elevated rates of lymphocystis and epidermal papilloma in the dumping areas within the German Bight and similar observations have been made in titanium dioxide waste dumping areas along the Dutch coast (Vethaak 1991) .
A common feature for the Areas 1, 2 and 3 was that skin ulcerations did not show similar temporal fluctuations as observed for lymphocystis and epidermal papilloma. Similar observations were made in the Kattegat (Mellergaard & Nielsen 1995) , where the relative risks of contracting both lymphocystis and epidermal papilloma were affected by oxygen deficiency while skin ulcerations seemed unaffected.
In Area 4 (Skagerrak) the 3 diseases investigated did not display similar temporal variations in prevalence similar to those observed in Areas 1, 2 and 3. The significant increase in the relative risk of contracting lymphocystis in 1990 may be accidental. The increase in the prevalence of skin ulcers in 1989 and 1990 might be due to increased fishing intensity in the area as a part of the fishing fleet operating in the Kattegat area turned to the Skagerrak because the environmental conditions had caused a serious reduction in the abundance of fish species of commercial interest.
The stock density was highest in Area 1 (German Bight) with mean catches of 2539 dab per h trawling and was lowest in Area 4 (Skagerrak) with 255 dab per h. It was not possible to establish any clear correlation between the prevalence of the diseases and stock density except for skin ulcers in Area 2, which were found to be significantly negatively correlated with stock density. Such a correlation is unlikely to be biologically plausible, as the transmission of diseases should be facilitated by higher stock density. Although positive correlations between disease prevalence and stock density could not be established, it is possible that the differences in stock density between the Areas 1, 2 and 3 and Area 4 are a factor of importance when considering the differences in disease levels.
The condition factor reflects the nutritional status of the fish and may, therefore, be a factor contributing to outbreaks of diseases in some areas. Lymphocystis was found to be significantly negatively correlated to the mean condition factor of the dab in Areas 3 and 4 as was epidermal papilloma in Area 3. A negative correlation between lymphocystis, epidermal papilloma and skin ulcers and condition factor was observed at different locations along the German and Danish coastal waters (Moller 1981) and for lymphocystis in the German Bight (Vethaak et al. 1992) .
In general, the condition factor for lymphocystis-and epidermal papilloma-affected fish was higher than for the unaffected fish but this difference was only significant for lymphocystis in Area 1. It is difficult to explain this observation. Fast-growing fish may be more susceptible to diseases than fish with a normal growth rate. In contrast, skin ulcerations showed a negative effect on the fish, reflected in the lower condition factor or fish with skin ulcers as compared to unaffected fish. The difference in the condition factor between ulcerated and healthy fish was significantly different in Areas 3 and 4. This negative effect can probably be attributed to osmoregulatory problems due to a damaged epithelia1 lining.
Lymphocystis was found evenly distributed among males and females except in Area 3, where females had a significantly reduced risk of contracting the disease compared to males. Mellergaard & Nielsen (1995) found an equal relative risk for both sexes in the Kattegat. The observation in Area 3 may be a coincidence.
Epidermal papilloma revealed a significant increase in the relative risk for females in Areas 1 and 2. Although the relative risk was greater for females, no statistical difference was observed in Areas 3 and 4. A similar pattern has been observed in the Kattegat (Mellergaard & Nielsen 1995) and in the German Bight (Dethlefsen et al. 1987 ). There are no obvious reasons why females should be more susceptible to epidermal papilloma than males. At the time of year when the present investigations took place, the fish were in the post-spawning period, during which time their condition is generally poor. This poor condition might explain the difference. However, one would then also expect an elevated risk of contracting lymphocystis, which was not observed.
The relative risk of contracting skin ulcerations was found to be significantly higher only for females in Areas 2 and 4 while slightly lower in the other areas. In the Kattegat region female dab had a significantly higher risk than males of developing skin ulcers (Mellergaard & Nielsen 1995) . Many of the skin ulcers observed during this study looked like skin abrasions, indicating that they may originate from traumatic skin damage probably caused by fishing gear. Most ulcerated fish were within the length range 18 to 23 cm, a size which enables some of them to escape the net meshes of commercial trawls, or fish of this size might have been discarded if caught. Fishery-induced skin injuries have been shown to be correlated with the length of the fish (Liidemann 1993) . In general, female dab are longer than males and this may explain the higher risk observed for females in Areas 2 and 4. There is no obvious explanation why females had a lower risk in the other areas.
The mean age of diseased fish was significantly higher compared to unaffected fish for all 3 diseases examined indicating that it is mainly older fish that become diseased.
The present study demonstrated marked geographical differences in the disease levels in dab. Areas such as the German Bight and the west coast of Denmark, having suffered from oxygen deficiency, showed sig-nificantly higher prevalence of lymphocystis and epidermal papilloma compared to an unaffected area like the Skagerrak. Although environmental stress often has a multifactorial background, the impact of oxygen depletion may be of major importance (Sindermann 1984) . Therefore, there is a risk that the increased eutrophication of estuarine and coastal waters may be the most important danger to the health status of wild fish populations. Strange RJ, Schreck CB, Golden J T (1977) Corticold stress responces to handling and tempera ture in salmonids. Trans Am Fish Soc 106:213-218 Vethaak AD (1991) Flsh disease monitoring in the Dutch part of the North Sea in relatlon to the dumping of waste from titanium dioxlde production. Chem Ecol 5.149-170 Vethaak AD (1992) 
